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INTRODUCTICO 
Purpose of Investigation 
The purpose of this investigation is three fold: 
first, to make a regional study of the surface or near 
surface structure of the southern one*.halt of V Junction 
City quadrangle by the construction of a structural con- - 
tour map on the rimrock of the Fort Riley limestone ner . 
ber of the Barneston formation of the Chase Group; socend, 
a description and interpretation of the structure obtained 
from the structural contour map; third, to show the value 
of application of aerial photographs for reeonnaissance 
work in exploration for oil. 
Area Covered by This Investigation 
The ar a of this investigation covers the southern 
ono..half of the Junction City Quadrangle, which is located 
betweon 39° and 390 30* north latitude and 96° 0' and 97° 
west longitude. This area is shown on Plate I and includes 
a major part of Riley and Geary Counties and a minor part 
of Clay, Dickinson, and Pottawattonie Counties. This area 
was selected because eight accurate topographic flaps, made 
by the United States Corps of Engineers from aerial phot0. 
graphs by multiplex methods, were available. The maps 
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were vital in allowlaz the writer to nap a large area 
apprectimately iO ovaro milon, accurately and in a 
reasonable length of tie. 
Key Dodo Used 
The key beds. used in this investigation wore the 
Cottonwood L=estono marl:bar of the Beattie limestone forma-. 
tion of the Council Grove ,c.roup$ the Threemile limestone 
member of the '.:refo d limestone tion, the Florence 
and Fort Riley limestone members of the Barneston lime- 
stone formation, the Tovwida limestone [Amber of the Doyle 
shale Comation, the Stovall and Croswell limestone mom- 
boro of the linfield limestone formation, and the Hering- 
ton limestone member of the Nolan s limestone formation, all 
of which belong to the Chase L;roups 
The approximate area in rhich each key bed was used is 
indicated on Plate II. Plate II is not a geologic map as 
the boundaries do not allow outcrop lines* 
According to Jewett (5) the revised classification pre- 
pared by lloore defines tic Council Grove group as all beds 
from the base of the ?oral:or limestone to the top of the 
Speiser shale. 3evon shales and seven limestones are in,. 
eluded in this group. They are named in upward order, the 
Poraker limestone, Johnson shale" Red Bagle limestone, Roca 
shale, Grenola limestone, Eskrid5o shale, Deattie limestone, 
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Stearns shale, Bader limestone, Easly Creek shale, Crouse 
limestone, Blue Rapids shale, Funston limestone, and 
Speiser shale. The Council Grove group outcrops across 
the northeastern corner of the southern one-half of the 
Junction City Quadrangle, The average total thickness 
of the Council Grove group, along its outcrop, is 319 feet. 
According to Jewett (5) the revised classification 
prepared by Moore defines the Chase group to include all 
beds from the base of the Wreford limestone to the top of 
the Nolans limestone. Four limestones and three shales 
are included in this group. They are, named in upward 
order, the Wreford limestone, Hatfield shale, Barneston 
limestone, Doyle shale, Winfield limestone, Odell shale, 
and Nolans limestone, 
The Chase group outcrops across the total of the 
southern one-half of the Junction City Quadrangle except 
for the northeastern corner where the lower Council Grove 
group is exposed. The average thickness, along its line of 
outcrop, is 348 feet. 
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MATERIALS USED IN INVESTIGATION 
Aerial Photographs 
The 244 vertical aerial photographs used were ob- 
tained from two sources, the Department of Geology and 
Geography, Kansas State College, and the Soil Conserva- 
tion Service of Geary County, Kansas. 
The scale of the negatives for all photographs was 
1:20,000. The scales of the prints used included 1:20,000, 
1:12,000, and 1:7,920. A list of the 244 photographs used 
in this investigation is included in Table 1 (Appendix). 
Topographic Maps 
Eight topographic maps were used) each of which 
covered an area 7 minutes and 30 seconds by 7 minutes 
and 30 seconds. The topographic maps were transverse 
mercator projections prepared under the direction of the 
Chief of Engineers by the Corps of Engineers, United 
States Map Service, Washington, District of Columbia. 
They were compiled in 1949 from vertical aerial photo- 
graphs taken in 1947 by photogrammetric (multiplex) 
methods. The maps comply with the national standards 
map accuracy requirements and are field checked. The 
map scale is 1:25,000 and the contour interval 20 feet. 
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Stereoscopes 
Two types of stereoscopes were used: the single 
lens type and the Ryker model, mirror type. 
METHODS 
Determining the Number of Spot Elevations 
and the Contour Interval 
From information available from previous investi- 
gations in this area, the regional dip was assumed to 
be approximately 14 or 15 feet per mile. To get a 
regional picture of the structural geology of the area 
it was found, after a careful study, that one spot ele- 
vation for each section of base map, scale 1 inch equals 
one mile, would give a regional structural map with 
sufficiently accurate information for this type of investi- 
gation, A number of spot elevations in the Manhattan area 
were checked by work that had been done previously. These 
were also field checked with the topographic maps. All 
of the points checked within 10 feet and the majority with- 
in 5 feet. Therefore, it was decided that a ten foot con- 
tour interval should be used. With a contour interval of 
10 feet and the average regional dip assumed to be 15 feet 
per mile, the average distance between contours would be 
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equal to the contour interval divided by the regional 
dip or two-thirds of a mile. Thus, any structure two- 
thirds of a mile or more across would be indicated as 
an anomaly on the re Tonal structural contour map. Not 
to be overlooked was the possibility of one of the spot 
elevations being selected on one of the smaller struc- 
tures and thus indicating an anomaly. 
Recognition of Key Beds 
The recognition of key beds was accomplished by 
acquiring a knowledge of the stratigraphy of the area 
of investigation and making a number of field reconnais- 
sance trips to compare key beds with the outcrop lines 
on the photographs. 
Limestone outcrops on aerial photographs appear as 
white outlines. The massive beds of limestone will form 
a clean, distinct contact line. The cherty or platy lime- 
stones form a fuzzy, indistinct line due to the formation 
of a chart rubble when weathered. Some of the limestones 
that are good aquifers will show a characteristic bush 
line at the base. This is usually developed best on the 
down dip side. The intervening shales appear as tones of 
gray depending on the kind and amount of vegetation growing 
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on them. Each limestone used for a hey bed had a cer- 
tain characteristic contact line by which it could be 
easily identified. 
Obtaining ")-pot Elevation on Key Beds 
There are many methods of determining the elevations 
of key beds on aerial photographs. The most important 
methods are: the contact line-topographic (multiplex) map, 
the parallax, the contact line-topographic contours, and 
the overlay. 
In the contact line-topographic (multiplex) map 
method, the key beds' contact lines were traced on one 
of the two aerial photographs viewed by use of a stereo- 
scope. The contour on the topographic map that was simi- 
lar in shape to the contact line of the key bed or a Point 
between two partially similar contours was selected as the 
spot elevation of the key bed at that point. The majority 
of the key beds used were the hill side bench forming 
formations and the changes in the slopes caused by the 
benches were an aid in locating many spot elevations. 
The parallax method is a method of determining the 
difference in elevation of two points by the use of the 
stereo-comparagraph or contour finder, the essential part 
of which is a parallax bar with floating dots. Two photo- 
12 
graphs with appr=imately 60 per cent of overlap are used 
and, to got the difference of elevation between two points 
on the stereo-model, one brings the dots to float at the 
upper level and then at the lower level, reading the 
parallax dial at each place. The difference between the 
two readings is the amount of parallax and is converted 
into the elevation difference by use of parallax tables 
or by a mathematical formula. The elevation of one of the 
points used must have been predetermined by a field survey 
or from another photograph (3). 
The method of using contact line-topographic con- 
tours is as follows: two' alternate overlapping photo- 
graphs one of which has had the contact lines of the key 
beds traced out, the other which has been topographically 
contoured, are placed under the stereoscope to give a 
stereo-model. The point of fusion or intersection of the 
topographic contour and the contact line of the key bed 
gives the spot elevation of the hey bed at that point (3). 
The overlay method is very similar to the contact 
line-topographic contour except the outline of the key 
bed is traced from a photograph to a transparent piece 
of overlay paper instead of on the photograph. One print 
is topographically contoured and the overlay which has the 
same scale is placed upon this. The point of fusion or 
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intersection gives the elevation of the key bed. If a 
topographic (multiplex) map, with the same scale as the 
photographs, is available the overlay may be placed on 
the map and the elevation of the key bed read at the point 
of fusion or intersection (3). 
The method used by the writer was the contact line- 
topographic (multiplex) map. This method was selected 
because the photographs used were borrowed and could not 
be heavily marked and, also, because the scales of the 
photographs and the topographic maps available were not 
the same. A number of points were field checked with the 
topographic naps, and all of the contours checked were 
found to be within one contour interval and the majority 
within one-half of a contour interval. 
Plotting Elevations on Ease nap 
The elevations were plotted on the base map by 
scaling the distances from the spot elevation point 
on the topographic map to two section lines at right 
angles to each other. They were then reduced to the 
correct scale and plotted on the base map on which the 
section lines were indicated. An artificial section 
line grid system was extended on both the base map an( 
the topographic map of the area of the Fort Riley ilili- 
tary Reservation that had not been sectioned previously 
11+ 
by the government surveyors. 
Stratigraphic Intervals Between Key Beds 
The stratigraphic intervals were determined by 
field measurements and by taking the intervals off of 
the aerial photogTaphs. The hand level method was used 
in the field to obtain the stratigraphic intervals be- 
tween the key beds. The method used on the photographs 
was to locate a valley, with divides one to two miles 
apart, in a region of nearly uniform dip. The elevation 
of the upper key bed on each divide was determined. Next, 
the elevation of the lower key bed was determined at the 
point of outcrop lying in the vertical plane which includes 
the upper key bed elevations. The top key bed elevation 
at a point directly above the point of outcrop of the lower 
key bed was determined by interpolation assuming uniform 
dip. The amount of dip and its factor of increasing the 
thickness of the bed was omitted because the angle of the 
dip in all cases was too small to affect, mathematically, 
the thickness of the stratigraphic interval. The differ- 
ence in the elevation of the upper key bed and the lower 
key bed was used as the stratigraphic interval. 
The effect of convergence was noted in the measurer 
ment of stratigraphic sections from the Cottonwood lime- 
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stone to the 21orenca. This convergence was to the 
northeast. average convergence was about 2 feet 
per ;..:Ile for a stratigranhic interval of approximately 
210 feet. This would have a very slight effect on the 
migration of subsurface structure. 
In area where the Fors was eroded, the 
stratigraphic interval from an exposed key bed to the 
Fort Riley rimrock was measured at the nearest adjacent 
area and this interval was used to adjust the region to 
the Pori, Miley rimrock elevation for structural con- 
touring. 
Interpolation and Structural Contouring 
The mechanical method of interpolating points be- 
tween known points was used in structural contouring. 
In structural contouring the points selected on the 
various key beds were adjusted to the Fort Riley rimrock 
by adding or subtracting the stratigraphic interval. The 
structural contours were drawn in the usual manner. 
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FACTORS OF ERROR IN METHODS 
The human factor is the big-:es t chance for error 
in these methods. Some of the possible errors affect- 
ing the structural contour map are: the selection of 
wrong outcrop for key bed, plotting the spot elevation 
on the wrong contour, error in transferring spot eleva- 
tions to the base reap, i:liscalculation in stratigraphic 
intervals, and error in interpolation and contouring. 
A careful study was made of the outcrop trace of 
the key beds. Frequent field trips were made to check 
the key beds. Thus, the chance for error was kept at 
a minimum. 
Extreme care was used in selecting the location for 
a spot elevation. The point selected was usually a criti- 
cal point on the topographic mar) such as the edge of a 
hill side bench. This enabled the writer to locate fairly 
exactly the spot elevation, thus reducing the chance for 
error. 
The transfer of spot elevation from the topographic 
map was done by scaling the distance from section lines 
on the topographic map and reducing the distances to fit 
the scale of the base map. When mathematical computations 
are used) there is always chance for error. The locations 
of the points on the base map were checked by inspection 
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and t ae chance for error r educed. 
In calculating strati graphic intervals, several 
calculations were made in each locality and checked 
against each other. This should reduce the amount of 
error in stratigraphic units to a negligible amount. 
In the interpolation of spot elevations for struc 
tural contouring a scale was used to get intermediate 
points between two contours but it was possible that an 
error could have been made in reading the scale. 
Taking all these possible errors into consideration 
and by making a careful attempt to keep them at a minimum, 
it was believed that a 10 foot contour interval for the 
structural contour map was justified. 
REGIONAL GEOLOGIC SETTING 
The Junction City Quadrangle is a part of the east 
flank of the Saliha Basin.. The Salina Basin was fir s.,4 
defined by Barwick (1). It consists of a pre-Pennsylvanian 
syncline bound on the southwest by the Central rPrsas up- 
lift, on the east by the Nemaha ridge and on the south by 
a saddle between the Chautauqua arch and the Central 
Kansas uplift. It extends northward into Nebraska. 
The Nemaha ridge, called. the Granite Ridge of Kansas 
by Ley (8) is a pre-Cambrian buried mountain range, faulted 
1-3 
on the east in late Mississippian or early Pennsyl- 
vanian time, extending from Oklahoma to Nebraska. In 
regard to the location of the Nemaha to Riley and Geary 
counties, Jewett states (5) t 
The crest of the buried mountains trends 
to the southwest along a line passing near 
the southeast corners of both counties. A 
well drilled near Zeandale reached granite 
at a depth of 950 feet. 
Lee, Leatherock and Botinelly state (6): 
The Nemaha anticline is the most striking 
of the new structural features produced in 
eastern Kansas by post-Mississippian folding. 
It extends with varying structural relief from 
near Omaha, Nebraska, southward beyond Oklahoma 
City, Oklahoma. Throughout its length the 
eastern limb of the anticline is notably steeper 
than the western limb. The northern end of the 
anticline was finally raised so high that the 
erosional beveling in northeastern Kansas ex- 
posed pre-Cambrian rocks in parallel bands on 
its flanks. Toward the south, where the struc- 
tural relief decreases, the Mississippian lime- 
stones were only partly eroded from its crest 
except at places of exceptional deformation. 
The structure of the Abilene zone of flexures and 
faulting, often called the Abilene anticline, is still un- 
certain. The Abilene anticline as located by Jewett (5) 
...,.extends from a point near Kingman in King- 
man County in the south-central part of Kansas 
northward into Nebraska. In Nebraska it is 
commonly called the Barneston arch. 
Lee, Leatherock and Botinelly state (6): 
The prominent Abilene anticline on the 
northeast side of the Salina basin is recog- 
nized in the surface rocks in Riley County 
19 
and extends southward into Dickinson County. 
It resembles the Nemaha anticline in that 
the beds dip steeply on its southeastern 
side and very gently to the northwest. Not 
many sub-surface data are available on the 
Abilene anticline 
Taylor (11) believes that the Abilene anticline 
is a zone of flexures and faults and not a definite 
anticlinal structure throughout its entire extent. 
He points out that the frequent small flexures and 
faults in the overlying beds and the alignment of 
three ignous intrusion in Riley County suggest a 
strike slip fault along the Abilene zone of flexures 
and faulting. The location of the Nemaha anticline 
and the Abilene zone of flexures and faulting are 
shown on Plate III. 
DESCRIPTION AND INTERPRETATION 
OF THE STRUCTURAL MAP 
Regional Dip 
Close examination of the structural contour map 
indicated that the regional dip of the area is almost 
due west, tending slightly to the northwest. At the 
western edge of the map there is a slight reversal of 
the dip as the Abilene zone of flexures and faults was 
approached. The average regional dip is about 17 feet 
EXPLANATIOIT OF PLATE III 
The location of the Nomaha anticline and the 
Abilene zone of flezatres and faulting 
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per mile. There is a 4enoral inerease of dip . the 
Nemaha ridae is approachod and a ali t reversal as 
tho Abilene sone of flexures am faulting, is approa 
Another arca of local steepening ia in Towiship 10 So 
Flar'r,o 6 Eaat# This is a monoclinal structure possibly 
due to differential caapaction over a buried hill o: it 
thickening or thinning of the underlying beds. 
Major and Minor Structures 
The =jar and m inor truc,-;- of the area in 
investigation are indicated on Shp structural cont=r 
zap of tho Fort Riley rizrock, Plate IV s Tho major 
structures are noted on the east and west sides of tl 
structural contour map,. The structure tho east is' 
apparently tho east flank of the lina basin or the 
Wefit rlank or the aoaha anticline. The F-tracture noted 
on e. west Is in tho vicinity or the oast side of t4c 
Abilene .one of flozures and faultinz. Tho structure 
on the east was formed by deposition of sedimonts on a 
pro-Cambrian faulted baried granite rim Vtich has boon 
rejuvenated from time to time since tha pro44mbrian. 
The thici,;:er beds of sodimonts lying to the west of the 
ridge have,' consequently, compacted 4 greater distance' 
than the relatively thin sediments on top of the ridge 
p 
EXPLANATION OF PLATS IV 
6tructural contour map o tho southern one-half 
of the Junction City quadrangle, contours on top of 
the Fort Riley rimroc24, Cross section from A to B 
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causing an anticlinal structure. 
The cause of the structure on the west is due to 
tho Abilene zone of flexnros and rotating. As fow data 
are available about the Abilene ono of flexures and 
faulting, several theories are advanced about the possible 
structure* One theory is that it nay have been caused 
by a buried E;ranito rido and compaction of the over.. 
lying sediments into an anticlinal typo structure* were 
is also some evidence of faulting and flexures whioh indi. 
ca to 4 striko-slip fault in the pm.Canbrian rocks' thus 
giving rico to the theory of a fault zone of weakness 
in the basement complex that has boon reactivated at 
various times since the pro-Cambrian. 
The larger ninor structures Indicated by anomalies 
on the structural contour map are noses, small domes, 
small batins, and moncelinos* Those are eharactoristic 
or tho Plains typo of folding* The closure on the domes 
is approximately 5 toot* The noses have plunge at 
approximately a right angle to the strilte of the bods* 
The a: cos of p/ungo in about 10 foot por mile. 
Tbe minor structures arc probably duo to a combina,.. 
Lion of the following: differential compaction of sedi.. 
meats, reflections of buried hills and mountains, and 
raulting in the underlying beds and stratigraphie eon- 
versonoso 
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The previously drilled test wells for oil in the 
area of investigation are indicated on the structural 
contour map and the majority of them are located on or 
near. an anomaly in the structural contour map, Table 2 
(Appendix:), 
If the trend of convergence in the underlying sedi- 
ments it to the west, the noses in the surface structure 
could easily be anticlinal or done shaped structures in 
the subslzface. 
A careful study of the structural features exhibited 
on the structural contour map, indicated to this writer 
that the surface structure in thib area is duo to and 
controlled by the pre-Cambrian Nemaha ridge and the 
Abilene zone of flexures and faulting. 
APMCATION OF AERIAL PHOTOGRAPHS 
FOR STRUCTURAL MAPPIE0 
The application of aerial photographs for strue- 
tural mapping has Made enormous advances since the early 
twenties, It is widely used for oil field reconnaissance 
work. Stuart Heir is the authority for this statement (32) 
From the Dallas, Texas, headquarters (of 
Fairchild Aerial, Inc.) aerial maps were pre- 
pared of more than 30,000 square miles for oil 
reconnaissance, The areas included many of the 
major producing field such as Yates Pool s, , 
Winkler, Luling-Nexia fault line and the 
Baleonos fault line in Texas, and the entire 
East Texas Basin. Hobbs field In tow 1,:exico 
was completely mapped as woro nary of tho 
?Imes in the Gulf region of Louisiana and 
amass 
Xn re.:;ard to the detail shown on the struc al 
contour rap Plate nr, the anomalies show on, 
the map should be checked by a field ty for a de- 
tailed local stracture pictures 
7, 
4:4.4 Mar%hamt chief geologist or the carter mi 
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Company states (7): 
In exploration, we use atrial photographs 
to help us in lepating new surface structures, 
Anomalies located by the study of aerial photo 
are later checked in the field by the 
party recomerdin the anomaly Or by some field 
party working in this division* it the surface 
CoolOaY is adtually developed so the anomaly 
*an bo *hooked, of-cOurse leasing follows if 
the structure turns cut to be favorable- onou h 
The method of using aerial photographs Is, lanoubtod- 
lyt one of the beat and fastest in areas where t%cre wre 
aaturate1 preferably nUltiplezt tope p? nap.s and re- 
sistant outcropping beds because a great arca cun be 
covered at little cost per mile and In a tho't poriod of 
time. Also, much of the larcr geologic features can be 
obtained Prom aerial photc2;mhs that would have been 
overloo3w4 on the Trozind* This is because the photo- 
geologist can f;et a three dimensional view of a large 
area instead or a limited view of a small area on the 
graund. River meanders and faults 5 tich may bc over. 
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looked easily on the ground, are recognized easily in 
the photographs. It Should be remembered, however, that 
this is a reconnaissance method and that all data ob- 
tained should be field checked. 
CONCLUSIONS 
The result of this investigation is a regional 
structural Map which shows the regional structural 
trends of the surface geology features in the southern 
one-half of the Junction City Quadrangle, Which this 
writer believes are due to and controlled by the pre- 
Cambrian Nemaha ridge and the Abilene zone of flexures 
and faulting, both of which have been rejuvenated at 
various times since the pre,-Cambrian. 
This investigation also indicates the worthwhile 
applications of aerial photographs for a reconnaissance 
study in developing the structural geology of an area 
of resistant outcropping beds and determining possible 
oil producing structures. 
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The purpose of this investigation was to make a 
photogeologic study of the regional structural geology 
of the southern one-half of the Junction City Quadrangle 
and to show the value of aerial photographs for re- 
connaissance in oil exploration work. 
The data for the construction of the structural 
contour map were taken from 244 vertical aerial photo- 
graphs and eight topographic (multiplex) maps of the 
area of this investigation. The spot locations of the 
points selected were transferred from the topographic 
maps to the base map and the elevations of the key beds 
marked. The key beds of the base map were then adjusted 
to the elevation of the Fort Riley rimrock by the use 
of the stratigraphic intervals measured or calculated. 
The map was then contoured in the usual manner. 
Close examination of the structural contour map 
prepared revealed that the structure of the Fort Riley 
rimrock was primarily due to and controlled by the Nernaha 
ridge and the Abilene zone of flexures and faulting, which 
have been rejuvenated at various times since the pre- 
Cambrian. It was noted also that the test wells that 
have been previously drilled in this area in the majority 
of cases coincide with an anomaly in the structural map. 
This would indicate the value of photogeologic structural 
maps for reconnaissance for possible oil exploration. 
